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(54) Polymeric rheology modifiers 

(57) The present invention relates to acrylate- 
based, associative polymeric rheology modifier pre- 
pared by polymerization of a C r C 6 alkyl ester of acrylic 
acid and/or a C r C 6 alkyl ester of methacrylic acid, a 
monomer chosen from a vinyl-substituted heterocyclic 
compound containing at least one of a nitrogen or sulfur 
atom, (meth)acrylamide, a mono- or di- (C r 
C 4 )alkylamino (C r C 4 )alkyl (meth)acrylate, a mono or 
di-(C r C 4 )alkylamino (Cj-C^alkyl (meth)acrylamide, 
and an associative monomer. 
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Description 



The p esent invention is related to acrylate-based. associative polymeric rheology modifiers 
Rheology mod, lers are used generally to adjust or modify the rheological properties of aqueous comoosition* 
s Such properties include, without limitation, viscosity, flow rate, stability to viscosity chanoe , ov sSTfJ ?T ! ? . 
suspend particles in such aqueous compositions. The particular type of 2 usS wi.l 7JZ nT<t 

SIX? [Oology modifiers include thickeners such as ce.lulosic derivatives, polyvinyl alcohol sodium pZc vlate 
« ^t^^ - d C0P0 — — in *** — with acidCuThSlt 

m^! r a 'i he0 ' 09y r° di,ierS WWCh are " activated " ^ th « addition of acid to aqueous compositions which contain the 

Tc^lt £2? been T L ePOrted ' AS reP ° rted - emulSi0ns are P re P ared via ^e-radical emulsion JLJELSESE 
mg collo-dal stabilizers The emuls.ons are mixed with the composition to be thickened and then acid i add^to SL 

S £5 V Wem9 PH ° f S/Stem ,0 6 5 10 ° 5 ' TheS6 thickeners are Wtad to b ^effective at ThSentng cer 

ta llTT?!^ ^ ^ 6f,6CtiVe 34 thiCk6nin9 a ^ eous compositions having bas c pH " 
acidic rXstctCron? 6 ^ 3 * *** — ^us.y may belsed thicken both 

The P resen » invention is directed to an acrylate-based polymeric rheology modifier which has been oreoar^ h„ 
25 polymerizing together from about 5 to about 80 weight percent of an acrylate monomer (a) se acted? rom Z * 
sisting of a C, -C 6 a.kyl ester of acrylic acid and a C r C 6 alky, ester of methacrylic add l^a^^S^ 

JTT ,r ° m 9rOUP C ° nSiStin9 ° f 3 -V'-^uted h^n^cS^cSSS 

at least one of a nitrogen or a sulfur atom, (meth)acrylamide. a mono- or di- (C r C 4 )alkylam,no (C^alkvl Zl h arr 

30 2? ^mSo^ lamin ° (Cl ^ )alM ^~e; andVom about O^^^Z 
tnn^Tr Pr6Sen K in f £ n * ion : elates t0 °'y meri o rheology modifiers (PRMs) which have been prepared by polymerizino 
Tc Z^l? 1 ,^1 80 W6i9ht P6rCent ° f an acryla,e monomer < a > sele oted from th i group "o^sisZof a 
f 1 m nL!7 S ? ^ "* * ^ ^ 6Ster ° f Acrylic acid, from about 5 to about 80 weSht pi cent 
35 ofanTnln } T T *? 9r ° UP C ° nSiS,in9 ° f 3 ^"^stituted heterocyclic compound conSg aS one 
35 of a nitrogen or a sulfur atom, meth)acrylamide, a mono- or di-(C, -C 4 )alkvlamino ( C -C ^Ikvi h ^, f °, 
mono or di-(C i; C 4 )a.kylamino (C r C 4 )alkyl (meth)acry.amide. and itojffitoSSfS ^S^a 

used Tr^t 3 ' PerCenta9 > S baS6d °" the t0ta ' Wei9ht ° f monomer used 40 «We ^PnTrTe Pms^te 
and the Ike " C ° mP ° SI,,0nS ' M * P ersonal «• compositions, adhesives. textile coatings, oil-wel, drimng 

40 solution dr s or s l b a e nH COrP °, ra,ed T f ° f eXamPlei ,he P6rSOnal ° are composition in various forms, inc.uding powder 
solution, dispersion and emulsion. Conventional methods of preparing acrvlate-ba<;<¥i nnivmor* in H"wuer. 

- z k "r n read ; ,y by those ski,,ed in the art ° f 'f ^^sz^^^^^z 

hickS t! 6 " 2 ' PreC,pitati ° n P 0l ^ erizati °n and emu.sion polymerization, for example. The PRM may be usS to 
thicken aqueous personal care products such as creams and lotions and hair care products such aTcondiHoS, I 
45 shampoos, hair fixatives, gels, mousses, sprays and dyes. P'oaucts such as conditioner. 

n^it^r^oM 6 P , RMS ° f 1hS PreS6nt inVentl '° n Particularly is advantageous to thicken aqueous personal care com- 
o^o wlr For i^t ^ ^ ,0 thiCkSn th ° S6 PerS ° na ' Care compositions which contain KSSSJSL- 
IZ^ L h ^ ■ ,n ,P erSOnal compositions where no water or very little water is present, the PRM mTy be 
^rl r P&S t S °L VentS WhiCh thS PRM iS SOlUDle or d ispersible and which conventionally a^e usedTn per 
in th J S ^mP 051 " 0 " 5 - and incorporated into the non-aqueous composition. The PRM may be diss^or dispersed 
k ^ f Pr '° r 10 formulation ' in whic h case a solution or dispersion is added to other ingrSS or he PRM 
m ,0rm ° f 3 SO ' id With ° ther f ° rmU,ati0n inSredie " te - d th6 .«*«. tha ^y ^the°thL e kened 
The acrylate monomers are selected from the group consisting of esters prepared from acrylic acid and C C aim 

af;.^ 88 methyl ' ethy ' °? r0Pyl a,C0h0L and GS,erS prepared ,rom metha -V«c acid ^and ^^^SilS 
acrylate monomers comprise C 2 -C 6 alkyl esters of acrylic acid. Even more preferred, the acrylate monomers e h Jacr 
ylate. From about 5 to about 80 weight percent of the acrylate monomer are used in preparing the ^coZsition o, the 
present ,nvent,on, preferably from about 1 5 to about 70 weight percent, and more preferably, from aboIS ^ to about 'o 
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weight percent of the acrylate monomer are used, all percents based on total weight of monomer used to prepare the 
polymer. 

In addition to the acrylate ester, polymerized therewith is a monomer selected from the group consisting of a vinyl- 
substituted heterocyclic compound containing at least one of a nitrogen or a sulfur atom, (meth)acrylamide, a mono- or 

5 di- (C r C 4 )alkylamino (C r C 4 )alkyl (meth)acrylate, a mono or di-(C r C 4 )alkylarnino (C 1 -C 4 )alkyl (meth)acrylamide. 
Exemplary monomers include N,N-dimethylamino ethyl methacrylate (DMAEMA), N.N-diethylamino ethyl acrylate, 
N,N-diethylamino ethyl methacrylate, N-t-butylamino ethyl acrylate, N-t-butylamino ethyl methacrylate, N,N-dimethyl- 
amino propyl acrylamide, N.N-dimethylamino propyl methacrylamide, N,N- diethylamino propyl acrylamide and N,N- 
diethylamino propyl methacrylamide: From about 5 to about 80 weight percent of the monomer are used in preparing 

w the modifiers of the present invention, preferably from about 10 to about 70 weight percent, and more preferably, from 
about 20 to about 60 weight percent of the monomer are used, all percents based on total weight of monomer used to 
prepare the polymer. 

An associative monomer is used in amounts ranging from about 0.1 to about 30 weight percent, based on total 
weight of monomer used to prepare the polymer, in combination with the acrylate monomer and the monomer (b). The 

is associative monomers preferably are used at levels ranging from about 0.1 to about 10 weight percent. Such monomers 
include those disclosed in U.S. Patent Nos. 3,657,175, 4,384,096, 4,616,074, 4,743,698, 4,792,343, 5,011,978, 
5,102,936, 5,294,692, Re. 33,156, the contents of all which are hereby incorporated herein as if set forth in their 
entirety, and an allyl ether of the formula CH2=CR'CH20A m B n ApR where R' is hydrogen or methyl, A is propyleneoxy 
or butyleneoxy, B is ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n, and R is a hydro- 

20 phobic group of at least 8 carbon atoms. Preferred associative monomers include the urethane reaction products of a 
monoethylenically unsaturated isocyanate and non-ionic surfactants comprising C r C 4 alkoxy-terminated, block copol- 
ymers of 1,2-butylene oxide and 1,2-ethylene oxide, as disclosed in U.S. Patent 5,294,692 (Barron et al.); an ethyleni- 
cally unsaturated copolymerizable surfactant monomer obtained by condensing a nonionic surfactant with an a.p- 
ethylenically unsaturated carboxylic acid or the anhydride thereof, preferably a C 3 -C 4 mono- or di-carboxylic acid or the 

25 anhydride thereof, more preferably a carboxylic acid or the anhydride thereof selected from the group consisting of 
acrylic acid, methacrylic acid, crotonic acid, maleic acid, maleic anhydride, itaconic acid and itaconic anhydride, as dis- 
closed in U.S. Patent 4,616,074 (Ruffner); a surfactant monomer selected from the urea reaction product of a monoeth- 
ylenically unsaturated monoisocyanate with a nonionic surfactant having amine functionality as disclosed in U.S.. Patent 
5,01 1,978 (Barron et al.); and a nonionic urethane monomer which is the urethane reaction product of a monohydric 

30 nonionic surfactant with a monoethylenically unsaturated monoisocyanate, preferably one lacking ester groups such as 
alpha, alpha-dimethyl -m-iso-propenyl benzyl isocyanate as disclosed in U.S. Re. 33,156 (Shay et al.). Particularly pre- 
ferred are the ethylenically unsaturated copolymerizable surfactant monomers obtained by condensing a nonionic sur- 
factant with itaconic acid. Methods for preparing such monomers are disclosed in detail in the various patents 
incorporated herein above. 

35 In addition to the required and preferred monomers discussed above, monomers which provide cross-linking in the 
polymer also may be utilized in relatively low amounts, up to about 2 weight percent, based on the total weight of mon- 
omer used to prepare the polymer. When used, the cross-linking monomers preferably are used at levels of from about 
0.1 to about 1 weight percent. Cross-linking monomers include multi-vinyl-substituted aromatic monomers, multi-vinyl- 
substituted alicyclic monomers, di-functional esters of phthalic acid, di-functional esters of methacrylic acid, multi-func- 

4Q tional esters of acrylic acid, N-methylene-bis-acrylamide and multi-vinyl-substituted aliphatic monomers such as 
dienes, trienes, and tetraenes. Exemplary cross-linking monomers include divinylbenzene, trivinylbenzene, 1,2,4-trivi- 
nylcyclohexane, 1,5-hexadiene, 1 ,5,9-decatriene, 1 ,9-decadiene, 1,5-heptadiene, di-allyl phthalate, ethylene glycol 
dimethacrylate, polyethylene glycol dimethacrylate, penta- and tetra-acrylates, triallyl pentaerythritol, octaallyl sucrose, 
cycloparrafins, cycloolefins and N-methylene-bis-acrylamide. The polyethylene glycol dimethacrylates are particularly 

45 preferred for thickening in acid aqueous compositions, as they tend to minimize turbidity. 

Preferred PRMs in emulsion form are prepared by forming an emulsion utilizing single-stage emulsion polymeriza- 
tion techniques. Monomer, water, free-radical initiator, surfactant in amounts effective to disperse the polymer in the 
water upon polymerization of the monomers, and from about 0.5 to about 20 weight percent of an alcohol selected from 
the group consisting of a C 2 -C 12 linear or branched monohydric alcohol and a non-polymeric polyhydric alcohol, such 

so as ethylene glycol, propylene glycol and glycerol, based on total weight of the emulsion, are combined in a polymeriza- 
tion reactor and maintained at a desired temperature and for a period of time which are effective to polymerize the mon- 
omers, thereby forming a polymeric emulsion comprising the copolymer of monomers (a) and (b), water, surfactant and 
alcohol. 

The contents of the polymerization vessel preferably are maintained at a temperature and for a period of time effec- 
55 tive to cause polymerization of the monomers. Preferably the polymerization reaction is initiated at about 30 degrees 
centigrade, with the contents of the polymerization vessel attaining a temperature of about 60 degrees centigrade. The 
reaction time will be from about 1 to about 6 hours. One skilled in the art of emulsion polymerization will be able to 
ascertain readily exactly what conditions of temperature and time are required, as both are well within the knowledge 
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of one skilled in the art. 

Preferably, from about 1 to about 10 weight percent of the alcohol are used and more preferably from ahnut 1 tn 
about 5 we,ght percent of the a.coho. are used, based on the total weight of the emulsionTno ^SSSt^SSLSt 
amounts of the alcohol, .s used m preparing the emulsion, the resultant emulsion will not be stable to change I vStv 

r»TJ l ' rable 1° minimiZe the ,eVel ° f alCOh01 used ' The ma " amcun. of alcohol 17152 
fact0rs t su( ; h f^osX. "ammability and volatile organic compound environmental concerns Othe £2 
those factors, amounts of alcohol ,n excess of 20 weight percent conceivably may used 

Where stable emulsions are required, it is essential that polymeric colloidal stabilizers such as polyvinyl alcohol not 
be .used during preparation of the emulsion via emulsion polymerization in any amount which m£ff«3l5JS2 
ert.es of the emuls.on. particu.ar.y the emulsion stability. Preferab.y. no polymeric colloidal SSrW^£Z 
emuls.on preparator ft was discovered surprising.y that use of such polymeric codoidal aabU^rZi in emulsions 
which are not stable to changes in viscosity or phase separation over time. Accordingly, the emulsions aZ 
modif.ers comprising the emulsions essentially are free and more preferably are free of polymeric cotoida. TJbSf 

f W , T - PerS ° n - " C ° mp0SitiOnS ' ,he wa,er is a veh * ,e for application to some part or Hod o some 
cosmet.cally-ac.ive agent (CAA) that will have a cosmetic effect of some type, whether such effectTs a softeninq o! 

S^^ZTS^^T^ ^ PerS ° na * COmP ° Siti0nS Can a ' SO '-.ude com JnaZs o 
umas ot various types, coloring agents, fragrances, preservatives, and the like 

The polymeric rheology modifier may be incorporated into the personal care composition at the time the ™ .«,; 

t.on is formulated, or the PRM may be post-added to an a.ready-formulated p«iSE£E^^ 
rated dur.ng preparation of the personal care composition, the PRM may be combined with wate ^ or other slenMn 
which the PRM either is soluble or dispersible, the CAA and other ingredients as neTed and7o^ i LZrZ nJexa^ 
7 .^ " ' 0rm " 3 StablS SmU,Si0a thS emulsi ° n ma * be combinad the CAA and other tng^e 
fatec i piously " emU ' S, '° n * P °** dd " d "* b ' 6nded with "-Prions which have been fZu- 

ti™ ^J?** 35 ' it,le °' ,he PRM 35 P0SSib ' e iS USed in preparin 9 the P ersonal ™* compositions of the present inven 
Tp ™ th ^™ amount al,owed bei "9 ™ *™unt effective to thicken the personal care common The Amount 
of PRM required to effecfvely thicken the personal care composition will depend upon the parS polymer anZ? 
S i P nH COmposition - T "P ica "* the »**»ed personal care composLn will ^ontai from Tbout 0 fto 

abTv he th ry k We ' 9 H PerCe "! 0< PRM ' b3Sed ° n the t0,al Wei9ht of the thickened Phonal care composrtion Prefer 

V The prm P , erS ° na L C3re , com P° siton wi " contain about 0.5 to about 5 dry weight percent he PRM 
dient. th u 6 « 3 nUmb6r °' nSedS ° f Pers ° nal Care product f °^"'ators, such as compatibility with cattonfc "nqre- 

1 Cie l Cy - C f nty ^ 9e ' S ' PH V6rSatility (U - abi ' ity to ,hicken over wide acidic-alkaline pH Z e and 
tolerance to sal^s. A number of examples detailing personal care compositions making use of the PRMs of he oresent 
.nvent.on have been evaluated and are summarized below. These examples include both hair care and skTn Sre ? 
as catoons, as the PRMs appear to offer benefits in both areas Sk ' n C3re apP '" 

The following examples are set forth to exemplify the invention and should not be used to limit the scooe of the 
invent.on, wh.ch scope is set forth in the claims appended hereto. P 

Two PRMs of the present invention were prepared via the emulsion polymerization methods described herein 
.o S°h V t„ 3T, PRMS d6Si9nated PRM 16 and 1C ' reSpectivel ^ Tbe ^-eric co^oJon^rVaTpm^ . 
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Table 1 
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monomer^ 


IB 


1C 


ethyl acrylate 


57 


60 


dimethylaminoethyl methacrylate 


38 


37 


associative monomer 


5< 2 ) 


3( 3 ) 



(1) = AN values are in weight percent, based on 
total weight of monomer used to prepare the PRM 

(2) = ceteth-20 itaconate 
(3 )= ceteth-20 allyl ether 



55 



The thickening efficiency of each PRM was evaluated by measuring viscosity build in prototype personal care for 
mulattons. V.scos.ty was measured using a Brookfield RVF heliopath viscometer at 10 rpm iS^SS^ are 
reported m umts of centipoise (cps). Initial viscosity measurements were taken after the persona. SSII^S 



BNSDCX.^. <EP 0825200A1J_ 



EP 0 825 200 A1 

were formulated and allowed to equilibrate under ambient temperature and pressure for 24 hours. Eight and/or seven 
day viscosities were measured 8 or 7 days, respectively, alter the initial viscosity was measured. In all cases, viscosities 
of the formulations containing the PRM were compared to viscosities of a control which contained no PRM. The formu- 
lations evaluated are detailed in Formulations 1 through 9, below. Evaluations also were conducted on model systems 
5 to determine stability to bleach, e.g., peroxide. Peroxide stability was determined by boiling a 1% solids, 6% H 2 0 2 solu- 
tion (pH adjusted to 3 using H 3 P0 4 ) for a total of 20 hours. Results are reported as % H 2 0 2 retained. 

Results and Discussion 

10 The PRMs are useful in a broad range of personal care products. The examples shown here highlight their effec- 
tiveness at building viscosity in diverse formulations, including cationic alpha hydroxy acid (AHA) creams, antiperspirant 
lotions, hair conditioners, specialty shampoos, hair and skin gels, and hair dyes. All PRMs evaluated were effective at 
raising the viscosity of personal care prototypes in hair and skin care systems. 

-» 

is AHA creams 

Performance of the PRMs was evaluated in the AHA cream set forth in Formulation 1. This emulsion is low in pH 
and contains cationic surfactants. The PRMs surprisingly exhibit both cationic compatibility and acid thickening. Results 
are set forth in Table 2. 

20 



Table 2 



PRM 


PH 


Initial viscosity 
(cps) 


Day 8 viscosity (cps) 


% of Day 8 control vis- 
cosity 


1B 


2.2 


37,000 


28,563 


384 


none^ 1 ) 


2.1 


10.344 


7,438 


100 


1C 


2.6 


24,625 


26,625 


428 


none^ 


2.4 


5,570 


9,563 


100 



(1) and (2); PRM 1 B was tested against one control, while PRM 1C was tested at a later time 
against a second, but similar, control independently of PRM 1B. 



35 As clearly is seen, the addition of only 0.5% solids PRM is effective at raising the viscosity of a cationic AHA cream 
in comparison to a cream without the PRM. 

Antiperspirant lotion 

40 Performance of each PRM was evaluated in the aqueous antiperspirant lotion set forth in Formulation 2. This low 
pH emulsion contains a high level of electrolyte as aluminum chloro hydrate. Therefore, the PRM exhibits salt tolerance 
as well as low pH viscosity build. Results are set forth in Table 3. 
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Table 3 



PRM 


PH 


Day 7 viscosity (cps) 


% of Day 7 control vis- 
cosity 


1B 


4.1 


20,650 


529 


none* 1 ) 


4.0 


3,900 


100 


1C 


4 -3 


3,325 


N/A 


none* 2 ) 


4.1 


phase separation 


N/A 



(1) and (2); PRM 1 B was tested against one control, while PRM 1C 
was tested at a later time against a second, but similar, control inde- 
pendently of PRM 1B. Control* 2 * formed an unstable emulsion, i.e. 
there was phase separation, which prevented determination of a vis- 
cosity for the control formulation. 



20 



25 



on. ,^,i S K e h r,y f 6 ?' ° n ' y - 1 0<>/ : SO ' idS ° f the associative PRM is active at signif icantiy raising the viscosity of an 
aqueous, high salt antiperspirant lotion in comparison to a product without the PRM. y 

Hair conditioner 

lna ^n ofh^ 38 eva ' uated '"/^""se-off hair conditioner set forth in Formulation 3. This formulation contains a high 
loading of both monomeric and polymeric conditioning agents. The unexpected, excellent viscosity build shown in Table 
4 exh,b,ts the surpr.smg ability of the PRM to build viscosity of aqueous, cationic-rich formulations at a 2% soHds^t 



Table 4 



30 



35 



PRM 


PH 


initial viscosity 
(cps) 


% of control viscos- 
ity 


1B 


4.3 


18,488 


6,163 


none 


4.4 


' 300 


100 



40 



Shampoos 

PRM was formulated into the conditioning shampoo prototype set forth in Formulation 4. As is seen in Table 5 PRM 
I B was effective at building viscosity of the shampoo after mrxing. Thus, the PRM is shown to be capable of boosting 
viscosity of highly concentrated surfactant systems. uooszing 



Tables 
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PRM 


PH 


initial viscos- 
ity 


% of control viscos- 
ity 


1B 


6.0 


54,000 


1,278 


none 


6.0 


4,225 


100 



55 



W0 * was performed to demonstrate the ability of the PRMs to build viscosity of highly concentrated sur- 

whTh^ 5 k H Wer ! P ° S , , " added 35 3 2 ° % P °' ymer S0 ' idS aqUSOUS e ™ lsion to three commercia sham- 
Znson S3 PUrC * aSed and h evaluated - The shampoos include a mild baby shampoo available from Johnson & 
Johnson. RaveO mo.sturiz.ng shampoo; available from Chesebrough-Pond's USA Company, and Prell® shampoo 
available from Procter and Gamble. The ingredients in these products, as reported on the label are ifted in Formula 

Zl L ^ 7 Whi 'f eX3Ct le ?' S °' USe ° f ,he PartiCU ' ar in9redientS in the ^ectWe co^^Z 

poos may be proprietary, ranges of the levels of such ingredients used by those skilled in the art are conventional and 
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known by those skilled in the art of formulating personal care compositions. As is seen in the results reported in Table 
6, the PRMs are effective at building viscosity in all cases. 



Table 6 



formulation 


formulation pH 


PRM 


initial viscosity 
(cps) 


% of control viscos- 
ity 


Johnson's 


7 -8 


1B 


21,469 


2,863 


Johnson's 


7.9 


1C 


17,375 


2,317 


Johnson's 


6,6 


none 


750 


100 


Rave 


8.9 


1B 


26,344 


10,538 


Rave 


8.9 


1C 


17,938 


7,175 


Rave 


5.66 


none 


250 


100 


Prell 


7.9 


1B 


30,844 


1,371 


Prell 


8.0 


1C 


18,781 


835 


Prell 


6.6 


none 


2,250 


100 



Gels 

• 25 Clarity is an important attribute for many hair and skin care gels. Using existing thickener technology, low pH lotions 

or conditioning gels with adequate viscosity typically cannot be made clear because commercial clear thickeners are 
incompatible with the low pH and/or cationics, and emulsions are necessary. PRMs 1B and 1C were used to thicken 
two clear AHA gels, as set forth in Formulation 9, one of which contains an additional conditioner (polyquaternium-4) 
and one of which does not. The viscosity results, which are shown in Table 7, demonstrate that the PRMs efficiently 

30 build viscosity of clear gels. 



Table 7 



35 



40 



formulation 


PRM 


initial viscosity 
(cps) 


+ conditioner 


1B 


23,344 


- conditioner 


1B 


24,594 


control^ 1 ) 


none 


<100 


+ conditioner 


1C 


21,063 


- conditioner 


1C 


20,594 


control (2) 


none 


<250 



(1) and (2); PRMs 1B and 1C were tested inde- 
pendent of one another against separate, but 
similar controls. 



so Hair Dyes 

Hair dye systems typically are highly alkaline during use. The PRM is found to be effective at building the viscosity 
of a twb component permanent hair dye after the two components are blended. This is true both when the polymer is 
delivered in the acidic developer or in the alkaline dye base. The results set forth in Table 8 clearly show PRM 1B is 
55 effective at boosting the viscosity of the Nice 'n Easy ® commercial hair dye product available from Clairol Inc., the com- 
position of which is set forth in Formulation 9. 
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10 



Table 8 



PRM 


Delivery 


pH of blend 


viscosity after blend- 
ing 


1B 


polymer from developer 


9.7 


5,200 


1B 


polymer from dye base 


9.7 


4,713 


none (1 ) 




9.7 


2,900 


1C 


polymer from developer 


9.6 


4,500 


1C 


polymer from dye base 


9.6 


3,250 


none^ 




9.6 


1,900 



arate controls 



t sep- 



20 



25 



Peroxide stability 

. Compatibility with hydrogen peroxide can be an important attribute in certain personal care applications such as 
ha r dyes. A standard screening test for peroxide compatibility is a 20 hour boil test. Peroxide concentration is meaSrS 
before and after a 20 hour boil regime Retention of more than ^ . T concentration is measured 

ative of a product which w, exhibit V^^SSV^'T^ 
6% hydrogen peroxide, with the P H adjusted to 3 with H,P0 4 . The results aSsumma^S in Table 9 "** ^ 



Table 9 



30 



35 



PRM 


% peroxide retained 


IB 


99 



These results show that the PRM exhibits excellent peroxide compatibility 

The PRMs appear to show much promise in personal care applications. They build viscosity in the oresenre nf 
such common personal care ingredients as cationics. acids, bases, salts and surfactants. vlSis o E££ 
ha, and sk.n ta-mulat.ons as creams, lotions, antiperspirants, hair conditioners, specialty sharr^S mussel hair aS 

tZlEl ? ^ 6nhanCed by re ' atiVely ' OW concen '^°"s of these polymers. Further'Zre oSaSors^f 

.nterest for personal care, such as pseudoplastic flow, are evident with these polymers ,nermore ' ^ehav.ors of 
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Cationic AHA Lotion 




wt. % 


PRM 




yjt Ufjy ici itr yiyoui 


2 nn 




\J.C\J 


\-«-»iyi 1 1 icu jl/a you 11 icij i laic 


4.00 


lar»\/riiim phloriHo 
id^jyiiLiiii Vj>i iiui iuc 




steapyrium chloride 


0.50 


cetearyl alcohol 


2.00 


glyceryl stearate/glycerin 


3.00 


cyclomethicone 


4.00 


dimethicone 


1.00 


isopropyl myristate 


2.00 


glycolic acid (70%) 


4.29 


water 


to 100% 



Formulation 2 



Aqueous Antiperspirant Lotion 


ingredient 


wt. % 


PRM 


1.00 (solids) 


propylene glycol 


4.00 


aluminum chlorohydrate (50%) 


42.00 


glyceryl stearate/PEG-100 stearate 


3.00 


cetearyl alcohol 


0.75 


glyceryl stearate/glycerine 


1.50 


cyclomethicone 


2.00 


water 


to 100% 
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Formulation 3 



Rinse-off Hair Conditioner 


ingredient 


wt. % 


PRM 


2.00 (solids) 


polyquaternium-10 


0.50 


glycerin 


2.00 


laneth-15 


1.00 


cetearyl alcohol 


2.50 


mineral oil 


2.00 


cetyl acetate/acetylated lanolin alcohol 


1.00 


cetrimonium chloride (25%) 


4.00 


citric acid (20%) 


to pH4 


water 


to 100% 



Formulation 4 

25 



Conditioning Shampoo 


ingredient 


wt. % 


PRM 


2.00 (solids) 


polyquaternium-10 


0.75 


sodium lauryl sulfate (29%) 


17.00 


sodium laureth sulfate (26%) 


13.00 


cocamidopropyl betaine (35%) 


2.50 


cocamide DEA 


4.50 


ethylene glycol distearate 


1.25 


steareth-20 


0.30 


dimethicone 


3.00 


citric acid 


to pH 6 


water 


to 100% 
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Johnson & Johnson Baby Shampoo 


ii iy i yuiyr u 


w i. /o 


rrilvl 


li.OU (SOIIuS; 


water 




. r cvj ou oui ui Lai i iduidit; 




^ooaniicioprL/pyi ueiairit; 




Sodium trideceth sulfate 




vjiycerm 




Lauroamphoglycinate 




r 1 OvJ LJIolccll die 




Sodium laureth-13 carboxylate 




Fragrance 




Polyquaternium-10 




Tetrasodium EDTA 




Quaternium-15 




Citric acid 




D&C yellow #10 




D&C orange #4 
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Rave® Moisturizing Shampoo 


ingredient 


wt % . 


PRM 


2.50 (solids) 


Water 




Sodium lauryl sulfate 




Cocamidopropyl betaine 




Sodium chloride 




Polyquaternium-10 




Glycerin 




Polyquaternium-7 




Oleth-3 phosphate 




Fragrance 




BHT 




Tetrasodium EDTA 




DMDM hydantoin 




lodopropynyl butyl carbamate 




Red 33 




Yellow 5 
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Formulation 7 
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Pre!!® Shampoo 


11 iyi CU 1 1; ( 11 


wt. % 


PPM 

1 III VI 




Watpr 




MrnrTioniurn idurein bundle 




Mmmonium lauryj suiiaie 




Onrpmirlp DPA 




Am mo nil im yx/Ipfipqi ilfnnp.tP 

1 \ 1 1 II 1 \\J 1 IIWI 1 1 AVICI ICOUI IUI ICllC 




ouuiui 1 1 yj\ iwo^ji laic 




n ay i cii iv^ t; 




Disodium phosphate 




Sodium chloride 




EDTA 




Benzophenone-2 




Methylchloroisothiazolinone 




Methylisothiazolinone 




D&C Green No. 8 




FD&C Blue No.1 





Conditioning Gel 


ingredient 


wt. % 


wt.% 


wt.% 


glycolic acid (70%) 


4.29 


4.29 


4.29 


PRM 


3.00 


3.00 




polyquaternium-4 


0.50 






water 


to 100% 


to 100% 




to 100% 
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Formulation 9 
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Nice 'n Easy® Dye ingredients Natural Dark Brown #120 


ingredient 


wt. % 


PRM 


3.0 (solids) 


Dye base 




water 




oleic acid 




propylene glycol 




isopropyl alcohol 




nonoxynol-2 




nonoxynol-4 




ethoxydiglycol 




ammonium hydroxide 




cocamide DEA 




PEG-8 hydrogenated tallow amine 




sulfated castor oil 




sodium sulfite 




erythorbic acid 




fragrance 




EDTA 




resorcinol 




p-phenylenediamine 




1 -naphthol 




N,N-bis(2-hydroxyethyl)-p-phenylenediamine sulfate 




ueveioper 




water 




hydrogen peroxide 




nonoxynol-9 




nonoxynol-4 




phosphoric acid 




cetyl alcohol 




stearyl alcohol 





so Claims 



55 



1 . A polymeric rheology modifier, characterized in that the polymeric rheology modifier is prepared by polymerization 
of monomers selected from the group consisting of 

from 5 to 80 weight percent of an acrylate monomer (a) selected from the group consisting of a C r C 6 alkyl 
ester of acrylic acid and a C r C 6 alkyl ester of methacrylic acid. 

from 5 to 80 weight percent of a monomer (b) selected from the group consisting of a vinyl-substituted hetero- 
cyclic compound containing at least one of a nitrogen or sulfur atom, (meth)acrylamide, a mono- or di- <C r 
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C 4 )alkylamino (C-|-C 4 )alkyl (meth)acrylate, a mono or di-(C r C 4 )alkylamino (C r C 4 )alkyl (meth)acrylamide; 
and 

from 0.1 to 30 weight percent of an associative monomer (c), 

all percentages based on the total weight of monomer used to prepare the polymeric rheology modifier. 

5 

2. The polymeric rheology modifier of Claim 1 wherein said associative monomer (c) is selected from the group con- 
sisting of urethane reaction products of a monoethylenically unsaturated isocyanate and non-ionic surfactants com- 
prising C r C 4 alkoxy-terminated, block copolymers of 1,2-butylene oxide and 1,2-ethylene oxide, an ethylenically 
unsaturated copolymerizable surfactant monomer obtained by condensing a nonionic surfactant with an a.p-ethyl- 

w enically unsaturated carboxylic acid or the anhydride thereof, a surfactant monomer selected from the urea reaction 
product of a monoethylenically unsaturated monoisocyanate with a nonionic surfactant having amine functionality, 
an allyl ether of the formula CH 2 =CR , CH 2 OA m B n A p R where R' is hydrogen or methyl, A is propyleneoxy or butyle- 
neoxy, B is ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n, and R is a hydrophobic 
group of at least 8 caibon atoms, and a nonionic urethane monomer which is the urethane reaction product of a 

is monohydric nonionic surfactant with a monoethylenically unsaturated isocyanate. 

3. The polymeric rheology modifier of Claim 1 prepared with from 0.1 to 10 weight percent of said associative mono- 
mer (c). 

20 4. The polymeric rheology modifier of Claim 1 wherein the monomer (b) is selected from the group consisting of N,N- 
dimethylamino ethyl methacrylate, N,N-diethylamino ethyl acrylate, N.N-di ethyl amino ethyl methacrylate, N-t- 
butylamino ethyl acrylate, N-t-butylamino ethyl methacrylate, N,N-dimethylamino propyl acrylamide, N,N-dimethyl- 
amino propyl methacrylamide, N,N- diethylamino propyl acrylamide and N.N-diethylamino propyl methacrylamide. 

25 5. The polymeric rheology modifier of Claim 5 wherein said associative monomer (c) is selected from the group con- 
sisting of urethane reaction products of a monoethylenically unsaturated isocyanate and non-ionic surfactants com- 
prising C r C 4 alkoxy-terminated, block copolymers of 1,2-butylene oxide and 1,2-ethylene oxide, an ethylenically 
unsaturated copolymerizable surfactant monomer obtained by condensing a nonionic surfactant with an a.p-ethyl- 
enically unsaturated carboxylic acid or the anhydride thereof, a surfactant monomer selected from the urea reaction 

30 product of a monoethylenically unsaturated monoisocyanate with a nonionic surfactant having amine functionality, 
an allyl ether of the formula CH 2 =CR'CH 2 OA m B n ApR where R' is hydrogen or methyl, A is propyleneoxy or butyle- 
neoxy, B is ethyleneoxy, n is zero or an integer, m and p are zero or an integer less than n, and R is a hydrophobic 
group of at least 8 carbon atoms, and a nonionic urethane monomer which is the urethane reaction product of a 
monohydric nonionic surfactant with a monoethylenically unsaturated isocyanate. 
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